BACKGROUND: Colorectal cancer screening by fecal immunochemical test (FIT) reduces the burden of colorectal cancer. However, effectiveness relies on annual adherence, which presents challenges for clinic staff and patients. OBJECTIVE: Describe FIT return rates and identify factors associated with FIT adherence over 2 years in a mailed FIT outreach program in federally qualified health centers. DESIGN: Observational study nested in the Strategies and Opportunities to Stop Colon Cancer in Priority Populations (STOP CRC) trial. Five thousand one hundred ninety-five patients had an initial FIT order and were followed for ≥ 2 years (3574 also had a FIT order in the second year). MAIN MEASURES: FIT return percent in each year and patient-and neighborhood-level characteristics associated with FIT adherence. KEY RESULTS: Overall, the proportion of FIT orders that were completed was 46% in the patients' first year and 41% in the patients' second year. Of the 5195 patients with a FIT order in year 1, 3574 (69%) also had a FIT order in year 2 (71% of year 1 adherers and 67% of year 1 nonadherers, p = 0.009). Among those with a FIT order in the second year, the FIT return rate was about twice as high among those who were adherent in the first year (952/ 1674, or 57%) as among those who were not (531/1900, or 28%, p < 0.0001). Patient-level characteristics associated with higher odds of FIT return were a history of FIT screening at baseline, age over 65 (vs 50-65), no current tobacco use, recent receipt of a mammogram or flu vaccine, Asian ancestry (compared to non-Hispanic white), and non-English preference. The only neighborhood factor associated with lower FIT return rate was patient's larger residential city size. CONCLUSION: Our findings can inform the customization of programs to promote FIT return among patients who receive care at federally qualified health centers. 
INTRODUCTION
Colorectal cancer is one of the most common causes of cancer morbidity and mortality in the USA. However, in the past three decades, its incidence has declined and survival has increased, concordant with increases in screening rates. 1, 2 This trend belies disparities in screening and treatment that cause higher mortality rates among those with the lowest socioeconomic status. 3, 4 Screening participation remains suboptimal in the USA, with 62% of age-eligible adults up to date. 5 Rates are particularly low for low-income (47%), uninsured (25%), or minority racial/ethnic people (47-59%). 5 Initiating fecal immunochemical test (FIT) screening has been the focus of provider-, clinical-, and patient-based intervention studies. [6] [7] [8] [9] Patient reminders can improve screening rates by 5-15 percentage points 10 ; more intensive interventions, such as one-on-one interactions with patients and elimination of structural barriers, can improve rates by up to 42 percentage points. 10 While initial screening increases the probability of screening in subsequent years, 11, 12 annual rates of adherence are usually lower than those of initial screening. 13, 14 Repeat screening among FIT-negative patients and followup colonoscopy among FIT-positive patients are essential for optimal reductions in incidence and mortality. [15] [16] [17] Repeat FIT screening rates vary; for example, reports show 1-54% (depending on clinic site within diverse US organizations) of those initially screened became consistent screening participants (defined as testing within every 15 months over 3 years). 18 Patients without insurance or usual preventive care are at higher risk of non-adherence; [19] [20] [21] however, clinic-level interventions have had modest to high impact on multiyear adherence in both insured and non-insured settings. [22] [23] [24] [25] Understanding screening patterns can therefore inform population-specific screening strategies and messaging. We evaluated 2-year FIT screening rates among patients at federally qualified health centers. We determined the associations of patient and neighborhood characteristics with FIT screening over 2 years.
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METHODS
The Strategies and Opportunities to Stop Colon Cancer in Priority Populations (STOP CRC) study is a 26-clinic pragmatic study of mailed FIT outreach in federally qualified health centers in Oregon and California, USA. STOP CRC was a clinic-randomized trial used to test the use of a directmail approach to colorectal cancer screening compared to usual care. 26 An introductory letter, FIT kit packet that included wordless instructions, 27 and reminder letter were developed for STOP CRC, as previously described. 28 Roll-out in intervention clinics occurred during 2014 and 2015, and this report is an observational study conducted within the intervention arm. The Institutional Review Board (IRB) of Kaiser Permanente Northwest (KPNW) approved study activities, and clinics ceded human subjects review authority to the KPNW IRB. Primary outcomes of the STOP CRC trial have been reported; 29 2-year adherence is a secondary outcome.
Patient Eligibility
Patients were included if they were 50-74 years old during the year following clinic randomization (to ensure age eligibility for ≥ 1 year), attended a clinic visit in the previous year, and were due for colorectal cancer screening. We defined Bdue for screening^as having no evidence in the electronic health record (EHR) of (1) FIT in the previous year, (2) an order for FIT in the previous 6 months, (3) flexible sigmoidoscopy in the previous 4 years, (4) colonoscopy in the previous 9 years, or (5) an order for a sigmoidoscopy/colonoscopy in the previous year. Patients were excluded if they had EHR evidence of a history of colorectal cancer, inflammatory bowel disease (e.g., ulcerative colitis or Crohn's disease), total colectomy, or renal failure. 29, 30 Eight health centers and 26 clinics participated in the trial. This analysis included clinics that delivered the intervention for at least 2 years (10 of the original 13 intervention clinics met this criterion, online Supplemental Table 1 ). Within these clinics, we included patients who received an initial FIT order and who had ≥ 1 clinic visit in each of the 2 years after the initial FIT order (Fig. 1 , online Supplemental Table 2 ). Henceforth, we refer to years 1 and 2 as they relate to the patient's initial FIT order. Patients' year 1 FIT orders occurred between June 2014 and July 2016 and subsequent year 2 orders occurred between July 2015 and July 2017. We restricted the year 2 FIT return data to participants who had a FIT order during their second year.
Study Variables
We captured the FIT completion from the EHR and extracted patient-level predictors: age, sex, body mass index (BMI), race, Hispanic ethnicity, primary language preference, insurance status, income (percent of federal poverty level (FPL)), tobacco use, history of FIT completion prior to the study, flu vaccination in the prior year, Pap smear (for women ≤ 65) in the prior 3 years, and mammogram (for women) within the prior 2 years. We refer to the last four items as Bpreventive care^variables. The history of several chronic conditions within the year preceding initial study eligibility was constructed, along with the Charlson comorbidity index, from ICD-9 and ICD-10 codes. 31 Neighborhood-level variables were from census tract data, except for emergency department visits per 1000 enrollees, which was a county-level variable from the Centers for Medicare & Medicaid Services. Tract-level variables included the Gini coefficient (as a measure of income inequality), median household income, percent of households with FPL < 100%, percent unemployment, percent with a bachelor's degree or higher, population density, and residential city size.
Analytic Approach
We used mixed effects logistic regression models to assess factors associated with FIT completion in either year, accounting for clustering of patients within clinics and of year within patients. Potential predictors with an unadjusted p value < 0.20 were retained for inclusion in multivariable modeling.
To determine factors independently associated with FIT completion, we used a stepwise variable selection procedure with backward elimination, requiring p ≤ 0.05 for retention in the final model. 32 Because history of FIT screening is a known strong predictor of subsequent FIT completion, we constructed the primary multivariable model without baseline history of FIT use as a predictor. In a secondary model, we included baseline history of FIT screening to see how it altered the effect size of other variables.
In addition to reporting odds ratios (ORs) from the multivariable model, we used the logistic regression model results to estimate marginally standardized probabilities of completing a FIT for the various predictors in the model, as well as differences in these probabilities between levels of the predictor variables. The effect of clinic on FIT return was quantified by the median OR, calculated by e 0:95Ã ffiffiffiffiffiffiffiffiffiffiffiffi variance p : 33 The median OR can be interpreted as the effect on FIT return of a patient switching from a low-return clinic to a high-return clinic. Analyses were conducted in Stata 15.1 (StataCorp, College Station, TX).
RESULTS
Most participants were ages 50-59 years old (63%), overweight or obese (71%), white (77%), and non-Hispanic (82%). Almost half were covered by Medicaid (46%) and 21% were uninsured; 47% had income below the federal poverty level. Approximately 60% of participants were up to date on flu vaccination or mammogram; 33% had ever completed a FIT ( Table 1) . Half of participants lived in cities with > 50,000 residents, and their neighborhoods were marked by high unemployment (87% were above the national average), low education (70% were in tracts with ≤ 30% college graduate), and high inequality (57% were in tracts with the Gini index > 0.41, online Supplemental Table 3) .
Of the 5195 patients with a FIT order in year 1, 3574 (69%) also had a FIT order in year 2 (71% of year 1 adherers and 67% of year 1 non-adherers, p = 0.009). Among the 5195 patients with a FIT order in year 1, 46% returned a completed FIT kit; among the 3574 who had a year 2 FIT order, 1483 (41%) returned a FIT (57% of 1674 year 1 adherers and 28% of 1900 year 1 non-adherers, p < 0.0001). Several baseline patient characteristics were associated with higher odds of subsequent FIT adherence (Table 2) : older age, Asian race, Hispanic ethnicity, non-English preference, and either never or formerly using tobacco. All preventive care variables were associated with subsequent FIT completion, with prior FIT use and having a mammogram in the past 2 years being most strongly associated (Table 2) . Diabetes was associated with slightly higher odds of screening, and depression and chronic pulmonary disease were associated with lower odds of screening (Table 2) . No neighborhood-level characteristics were significantly associated with FIT completion (online Supplemental Table 3 ), although larger residential city size was associated with lower odds of FIT return with p = 0.05 (e.g., OR for > 50,000 inhabitants vs < 10,000 inhabitants = 0.67, Table 2 ), meeting the criterion for entering the multivariable model.
In the primary multivariable analysis, the odds of FIT completion in the second year were significantly lower than those in the first year: predicted probabilities of FIT return dropped from 44 to 38% (Table 3) . Associations with FIT completion (in either year) were being over 65 (vs ≤ 65), being Asian (vs white race), having a non-English preference (vs English), not using tobacco, having obtained a mammogram in the past 2 years or a flu vaccine in the past year, and living in a smaller city (Table 3 ). The median OR for clinic differences was 1.44 (95% CI 1.21-1.98), indicating a patient's relative The largest absolute differences in predicted probability from the multivariable model of FIT completion were for race (the probability for Asian patients was 56%, compared to 40% for white patients) and for mammogram use (50% probability for women who had completed a mammogram in the past 2 years vs 37% for those who had not; Table 3 ). When baseline history of FIT use was included in the multivariable model, it was a strong predictor of FIT adherence (OR = 2.68, 95% CI 2.29-3.14; data not shown). The adjusted probability of FIT completion among those with a baseline history of FIT use was 58% and was 35% among those who had never completed a FIT. Associations were similar, though somewhat weaker, for most variables when this variable was included in another multivariable analysis, except that age and flu vaccine variables were not retained in the final model (online Supplemental Table 4 ).
DISCUSSION
In this study of mailed FIT outreach in federally qualified health centers, patients who attended the intervention clinics and were offered FIT had completion rates of approximately 40% in both years. Odds of adherence were significantly greater for those who did not use tobacco and who had a history of preventive care receipt. Patients who had Asian ancestry and preferred non-English languages also had higher odds of FIT adherence.
Our observation of adherence over 2 years was similar to other longitudinal screening studies in the USA. In a trial of mailed FIT in Washington state primary care clinics, 37% of usual care patients and 53% in the intervention group received screening in the third year of follow-up. 23 Intervention participant screening uptake was highest among participants who had completed fecal testing in both years 1 and 2, 77% in year 3, compared to 45% and 18% among participants completing one or none of the two prior mailed fecal tests, respectively. Our study supported these results, with approximately double the year 2 FIT return rate among year 1 FIT adherers (58%) as non-adherers. In community health centers in Louisiana, second-year FIT completion was 33-59%, and only nurse education and phone support improved rates (from 33-38% to 59%) but was costly ($2450 per person screened). 34 A more intensive intervention (e.g., text reminders and multiple nurses' calls) achieved a repeat adherence rate of 82% in a Chicago health center. 35 High rates of repeated screening (> 70%) among those who adhere in the first year were also demonstrated in Italy 36 and Norway 37 and in the Kaiser Permanente system. 38 We previously reported baseline factors associated with being up to date on screening in the STOP CRC health centers before the intervention began. Patients were more likely to be up to date on CRC screening if they were aged 65 or older, insured, had more previous outpatient visits, and were currently on other preventive screenings. 39 In our previous study, the STOP CRC intervention had not yet been introduced, and the proportion of patients who were up to date for CRC screening by fecal testing was relatively low (18%). Fecal testing rates rose from 7% in 2010 to 21% in 2015. In our current analysis, although FIT completion continued to improve over 2015 rates, several of the same predictors of adherence remained. A US Preventive Services Task Force report in 2016 updated the 2008 CRC screening recommendations; however, annual FIT remained a consistent recommendation, and no changes in the STOP CRC intervention were implemented. 40 Our study confirms the co-occurrence of CRC screening with other health behaviors. Recent mammogram and Pap screening, as well as cholesterol check, were strongly associated (ORs ≥ 3) with fecal testing in the past year in the large, US population-based Behavioral Risk Factor Surveillance System results. 41 In addition, current smokers, as well as those who were sedentary or reported < 2 daily fruit and vegetable servings, were significantly less likely to have been up to date on fecal testing. 41 In our analyses, self-identification as Asian was strongly associated with FIT completion. This observation might seem surprising, given that national Asian American colon cancer screening rates are lower than those of other racial groups. In 2015, 52% of Asian Americans, 64% of white, and 59% of black Americans were up to date on colorectal cancer screening. 5 However, access to care has been identified as a strong barrier in this group, 42 and in a previous trial, we observed higher screening rates among Asian patients than among any other racial/ethnic group across all intervention arms. 43 Likewise, our current study suggests high adherence in this patient subpopulation when access barriers are mitigated.
Interestingly, preference for a language other than English was associated with greater FIT completion in our study. NonEnglish preference was also associated with being up to date with FIT (vs colonoscopy) in the years prior to the STOP CRC intervention in this clinic population. 39 More than 90 different languages were preferred by patients in these clinics, and the most common-other than English and Spanish-were Arabic, Chinese, Nepali, Russian, Somali, and Vietnamese. Confusing FIT kit instructions have been identified as a barrier to FIT adherence even among native English speakers, and we have reported on patient preference for wordless instructions over simplified English or Spanish instructions. 27 Wordless instructions in STOP CRC may have provided an opportunity for patients who were predisposed to comply with screening but had language barriers to previous screening opportunities. Well-designed wordless instructions could lead to higher screening rates for many patients with written-language barriers and merit further investigation.
This study had several limitations. As a pragmatic trial, our study made use of unobtrusive collection of patient data through EHR review, an efficient method to ascertain outcomes but with some data challenges. 44 For analyses of comorbidities, we used the diagnosis codes recorded during the year prior to screening eligibility and determined the Charlson index based on these codes. 31 While our results showed no independent association between comorbidities and FIT completion, comorbidity ascertainment over a longer period or using a different index of comorbidity burden may yield different results. The Charlson index has been validated to predict mortality; other indices may be better predictors of health care utilization. 45 We might have missed information on health reasons for non-participation in screening; for example, women without a cervix or with HPV co-testing during a Pap within the past 5 years would be misclassified as Bnonadherent^for Pap screening. This subset who sought care is likely to be less healthy and may not be representative of the larger population of potential patients eligible for FIT screening. Similarly, because all clinics were within federally qualified health centers, we cannot assume results are generalizable to a broader patient population. Our study population was defined by health care encounters in the system, and health services outside this system may have introduced errors. Finally, our study was limited to 2 years.
Our study has implications for future research and practice. Much research has focused on how to improve FIT uptake among clinicians and patients. We recently reported the primary results of the STOP CRC trial, which demonstrated that clinic-level proportions of adults who completed a FIT were greater in the mailed FIT intervention group (13.9%) than in control clinics (10.4%). 29 And we continue to investigate the best methods for reaching and reminding patients to return their FIT once it is mailed. 28 These efforts are beneficial, because adherence to FIT screening is higher among those with a history of FIT completion. However, annual adherence in federally qualified health centers requires distinct research and implementation efforts and more research should identify the best methods for reaching patients in these settings. Strategies to promote CRC screening in patients with infrequent clinic visits may also be needed in this population.
